Abstract The epidemiology of toxoplasmosis in pregnancy is a major issue for public health. Primary infection in pregnant women can lead to serious sequelae. This review examined current sero-epidemiology and risks factor data for Toxoplasma gondii in pregnant women in Arab and African countries. A systematic electronic search of published literature was conducted. Data were extracted from relevant studies. Seropositivity is high in both regions. African countries have higher seropositivity than Arab countries due to differences in risk factors. Data on T. gondii infection in pregnancy are scant in many countries, especially where there is lack of political stability. Identified risk factors included eating raw meat, proximity with cats, undercooked food, and increasing maternal age. Toxoplasmosis in pregnancy in Arab and African countries is an underestimated health problem. Further research is needed. This report is a foundation for strategies and policies for intervention needed to combat the consequences of congenital toxoplasmosis.
Introduction
Toxoplasma gondii is an obligate single-celled intracellular protozoan parasite that infects all warm-blooded animals. It causes toxoplasmosis, which is one of the most common human infections. It has been estimated that about onethird of the world's population is infected with T. gondii (Tenter et al. 2000) .
Humans are infected through ingestion of sporulated oocysts in raw or undercooked meat, contact with cat feces, from soil, and from ingesting contaminated food or water (Hill and Dubey 2002) . Other rare causes of transmission included transplacental transmission to the fetus, and through organ transplant from infected donors (Montoya and Liesenfeld 2004) .
Immune status plays important role in the course of the parasite. In immunocompetent subjects, the disease is asymptomatic or there may be mild and transient symptoms such as fever, malaise, and lymphadenopathy. Fatal complications including encephalitis and disseminated toxoplasmosis have been reported in subjects with immunodeficiency, such as in patients with AIDS, transplant recipients, and people on immunosuppressive therapy (Luft and Remington 1992; Dubey et al. 2012; Weiss and Dubey 2009) .
Mothers who acquired T. gondii at a distant time before pregnancy have a limited risk of congenital infection. On the other hand, women who become infected shortly before conception or during the first trimester are capable of transmitting the infection to their fetuses (Vogel et al. 1996; Cook et al. 2000) . The degree of severity of congenital toxoplasmosis is inversely related to gestational age at the time of infection. During the first trimester, the transmission rate is low but the infection will result in severe congenital toxoplasmosis. Late infection is characterized by high transmission but less fetal morbidity (Lopez et al. 2000; Martin 2001; Dunn et al. 1999) .
A wide range of adverse pregnancy outcomes has been described including spontaneous miscarriage or stillbirth. Congenital toxoplasmosis in an infant following transplacental transmission can lead to a wide range of morbidity and mortality including neurologic and neurocognitive deficits and chorioretinitis (Jones et al. 2001) . Complications can include failure to thrive, hydrocephalus or microcephalus, cerebral calcifications, or symptoms of CNS involvement later in life (Weiss and Dubey 2009; Tammam et al. 2013; Hide et al. 2009 ). Severe postpartum myonecrosis can results from co-infection with Toxoplasma gondii and Clostridium perfringens (Alsammani et al. 2012) .
There is a wide disparity in the incidence of congenital toxoplasmosis in the developed countries, ranging between 1 and 10 per 10,000 live births. A rate of 0.8/10,000 was reported in the United States (Guerina 1994) . Higher rates were reported in the United Kingdom (3.4/10,000) (Gilbert et al. 2006) and Denmark (4/10,000) (Lebech et al. 1999) .
Serological testing for anti-toxoplasma antibodies is widely used for the diagnosis of toxoplasmosis (Remington et al. 2001 ). Yet, the diagnosis remains a challenge to health care providers. In pregnancy, it is essential to perform conclusive tests that must include PCR, IgA, IgG avidity test, and IgE, on individuals with both positive IgG and IgM (Pereira et al. 2010; Wilson et al. 2003) , because toxoplasma-specific IgM antibodies may persist as long as 18 months after acute acquired infection (Pereira et al. 2010 ). However, biopsy, which is very specific, should be reserved for selective cases, especially in pregnancy, as it is an invasive procedure.
In Arab and African countries, data on T. gondii infection during pregnancy is scant. Moreover, most studies are regional. Pregnant women are not routinely investigated for T. gondii during pregnancy, and follow-up does not exist. Thus, the current review examined the current knowledge state on sero-epidemiology and possible risks factors of T. gondii in pregnant women in Arab and African countries.
Methodology
A systematic electronic search of published data was conducted. The search was performed using the Qassim University academic digital library which encompasses many global data base for both books and electronic journals including PubMed, Medline, EBSCO, Elsevier, ProQuest Central, Ovid e-Journal, Oxford Journals, Oxford Scholarship Online, Science Direct, Wiley-Blackwell e-Journals, and Springer Online Journals. In addition, search engines Google (http://www.google.com) and Google scholar (http://www.scholar.google.com/) were used. There are 59 Arab and African countries (see Tables 1, 2 ). The following search terms were used: Toxoplasma gondii, pregnancy, risk factors, seroprevalence, Arab, Middle East, Africa, and individual country names. Relevant data were extracted from studies. There was no search restriction. We also expanded the search for country-specific data on seropositivity to toxoplasma among women of reproductive age and in the general population in some cases.
The Arab world comprises 22 culturally diverse member states with variable levels of economic development and a combined population of about 340 million people. In the Gulf region, there is a tendency towards decentralization of health care delivery management, autonomy of health facilities, and adoption of advanced methods of health services. In contrast, in African and African Arab countries there is a lack of distribution of facilities for economic and political reasons, bureaucracy and hierarchy, lack of knowledge, and lack of basic skills among health systems (Elsheikha et al. 2009 ).
For geographical and social similarity, and simplicity for this report, we divided the Arab countries into 4 regions: Arabian Peninsula, Bilad Alsham, North African, and Nile River regions. The data are shown in Table 1 .
In Africa, many studies were performed in early 1990s to assess the prevalence of Toxoplasma gondii in pregnant women, but there was no follow-up even for the general population. Most of the African countries suffer from drought, political conflicts, and famine, causing massive population displacement. This displacement may perhaps lead to lack of studies and lack of follow-up data on T. gondii in these countries. Generally, the disease is thought to be endemic; a seroprevalence as high as 92.5 % has been reported in the general population (Ayi et al. 2009 ), and fortunately, few pregnant women acquire the infection during pregnancy (Nowakowska et al. 2006) . In these countries, the burden of T. gondii infection in pregnant women is an under-estimated public health concern.
For the purpose of cultural and geographical similarity, we have divided Africa into five geographical regions: the Northern, Southern, Eastern, Western, and Central Regions. The Northern region is entirely occupied by the Arab states, shown in Table 1 . The rest of the data are shown in Table 2 .
Results
Toxoplasma gondii in pregnant women in the Arabian peninsula region
The Arabian Peninsula region is the most distinct geographical area, comprising about 35 % of the Arab world, and the world's largest single source of crude oil.
Previous studies have shown a seropositivity rate in this region ranging from 22.9 to 58.2 % (Shawky and Soliman 2001; Dar et al. 1997; Al-Nakib et al. 1983 ). More detailed study taking into consideration rate from previous data demonstrated a similar range of seroprevalence among pregnant women ranging from 25 % in 1989 to 51.4 % in 2010 (Pappas et al. 2009; al-Meshari et al. 1989) . In Saudi Arabia, there is a great regional variation in the seropositivity rate, in Aseer (Al- Mohammad et al. 2010) UAE (Shawky and Soliman 2001) showed the lowest seropositivity in the Arabian Peninsula (22.9 %), despite the fact that there is a high density of Felis margarita with high seropositivity rate. In Qatar, a study that examined seropositivity in the general population demonstrated a rate of 29.8 % (Abu-Madi et al. 2010 ). In the other Arabs peninsula countries, seropositivity rates were lower, except for Kuwait (45.7 %) (Jones et al. 2007; Mosti et al. 2013; Flatt and Shetty 2013; Lopes et al. 2012) .
Bilad Sham region
This is the most publically unstable part of the Arab world. Countries in this region have a lower prevalence of Toxoplasma gondii ranging from 23.48 to 38.4 % with the exception of Lebanon which showed a 62 % seropositivity rate among pregnant women (Barah 2011; Bouhamdan et al. 2010 ). There was no follow-up data.
North African (Maghreb) region
The seroprevalence of Toxoplasma gondii in this region is high compared to other Arab countries and is comparable to seropositivity in African countries, ranging from 45 to 50.6 %. Follow-up data is available from Tunisia which showed many regional studies with different seropositivity rates. In one study the prevalence rate in Tunisia was 47.7 % (Bouratbine et al. 2001) . In another study 10 years later a higher rate of 58.4 % was reported (Fakhfakh et al. 2013) , indicating that T. gondii may be on the rise whereas in other countries there is no follow-up data. The rate in Algeria, Morocco and Libya were 47.8, 50.6,63.3 %, respectively (Kassem and Morsy 1991) .
Arabian Nile River region
Toxoplasma gondii infection among pregnant women has been extensively studied in Egypt, and results showed a high prevalence among the general population and pregnant women. We found a seropositivity rate of 46.1 % among women with first trimester miscarriage (Tammam et al. 2013) . Another study evaluating prevalence among pregnant women in Egypt showed rate of 72.61 % (El Deeb et al. 2012) . In Sudan, where the disease is not well studied, Elnahas et al. (2003) in 2003 reported a rate of 34.1 % among pregnant women, which is comparatively lower than reports from Egypt. Generally, the prevalence of T. gondii in Egypt is similar to rates from central Africa. This high seropositivity rate in Egypt may be due to high environmental contamination with T. gondii oocytes from rats (97.4 %) (Remington et al. 2001) , in addition to inadequate hygiene, and suitable climatic factors for survival of oocysts.
Seroepidemiology of Toxoplasma gondii among pregnant women in African countries

Eastern region
For many years, this region has been one of the most unstable areas with racial conflicts. Prevalence of Toxoplasma gondii in pregnant women in the region is similar to seroprevalence among the general population. Most countries fall in high endemic zone ranges from 44 to 85 % (Ahmed et al. 1988; Gebremedhin et al. 2013; Lelong et al. 1995) .
The highest seropositivity rate in this region in was reported from Madagascar (Lelong et al. 1995) followed by Ethiopia (Gebremedhin et al. 2013) , Zambia (Watts et al. 1984) , Zimbabwe (Watts et al. 1984), 85, 81.4, 54, and et al. (1984) Burkina Faso, Cape Verde, Gambia, Ghana, Guinea-Bissau, Togo, Liberia, Mauritania, Niger, Sierra Leone-no data found 18.7 %, respectively. There is little information on toxoplasma in both pregnancy and the general population in this region.
Southern region
The southernmost region of the African sub-continent is famous for the export of diamonds and platinum; it is the most political stable part of Africa. The seroprevalence of Toxoplasma gondii in this part of Africa is one of the lowest reported rates worldwide. The rate among pregnant women is similar to the rate in general population, ranging from 15 to 23 % (Capretti et al. 2014; Zumla et al. 1991; Nabias et al. 1998; Lindstrom et al. 2006 ) with an overall seropositivity of 20 % (Lindstrom et al. 2006) . Another important medical problem in this region is the high prevalence of HIV/AIDS patients including pregnant women; nevertheless, co-infection with both HIV and toxoplasma is low with seropositivity of 8 % (Nabias et al. 1998) . Additional studies are needed to clarify the relationship between these diseases. There are few studies on T. gondii prevalence in this region and in subSaharan Africa in general (Lindstrom et al. 2006; Shimelis et al. 2009 ).
Central Africa
Central Africa has the highest reported prevalence rates of infectious diseases. The Democratic Republic of Congo has the highest rate among these countries (80.3 %) (Gascon et al. 1989 ) and the lowest prevalence was reported in Rwanda (31 %) (Doudou et al. 2014) . Most countries in this region lack current information on Toxoplasma gondii for pregnant women and the general population.
Western Africa
In this region, the seroprevalence rate ranged from 53.5 % in the Republic of Benin (Rodier et al. 1995) to 92.5 % in Ghana (Ayi et al. 2009 ). A lower prevalence rate was reported from Benin (30.0 %) (De Paschale et al. 2014) and Burkina Faso (20.3 %) (Linguissi et al. 2012 ).
Risk factors associated witH transmission of Toxoplasma gondii among pregnant women in Arab and African countries
Consumption of raw or undercooked meat
Toxoplasma gondii seropositivity among pregnant African women was found to be strongly associated with eating undercooked or raw meat (adjusted OR 5.73, 95 % CI 1.35-24.39; p = 0.02) (Walle et al. 2013 ). This finding is in consistent with findings from other African and Arab countries (Cook et al. 2000; Jones et al. 2009 ). Similar results were obtained from Sudan where authors concluded that, eating raw meat, undercooked meat, and living in the Southern region are predictors of seropositivity of T. gondii infections in pregnancy (Elnahas et al. 2003) . Daily consumption of raw meat in many part of Africa is very common. This may explain the high seropositivity rate seen in many parts of Africa. Many studies on food animals as potentials source of infection have been performed. In Sudan, a study on food cattle showed that the seropositivity was 44.8 % (Elfahal et al. 2013) , and a similar study in the same country showed a rate 53.71 % (Diakoua et al. 2013) . Studies from Arab countries revealed similar findings (Almushait et al. 2014 , Tammam et al. 2013 , Alsammani et al. 2012 . In Saudi Arabia, sheep and goats as potentials source of infections were examined for IgG antibodies. Results showed high seropositivity rates 52.2 and 51.7 % respectively indicating potential sources of infection (Sanad and Al-Ghabban 2007) . In the Riyadh region, results showed less infection among these animals: 36.4 % for sheep, 35.3 % for goats, and 23.6 % for camels (Alanazi 2013) . A large study carried in different Egyptians governorates showed that there was high zoonotic chicken toxoplasmosis seropositivity (68.8 %) which indicates additional source of infection (Barakat et al. 2012) . High rate of seropositivity was reported in goats (70.48 %) in an Ethiopian study (Gebremedhin et al. 2013) . A recent study, showing high prevalence of infection in dairy goats, suggests a potential risk of the transmission route of toxoplasma via unpasteurized milk (Zhao et al. 2012 ). This high seropositivity in animals observed in both Arab and African countries may be potential sources of infection for pregnant women by either consumption of raw or undercooked meat or unpasteurized milk from these animals. These results are consistent with studies from other countries showing meat as a source of infection in China, Norway, and the United States (Li and Wu 2002; Jones et al. 2009; Cook et al. 2000) .
Consumption of unwashed raw vegetables or fruits and farming as an occupation
Consumption of unwashed raw vegetables or fruits was reported as a significant factor for T. gondii infection. There many infectious oocysts shed from cats in vegetables which are capable of producing infection to human. Seropositivity for toxoplasmosis in Arabs countries was significantly associated with eating miswashed vegetables. A study in Côte d'Ivoire evaluating risk factors for toxoplasmosis showed that contact with soil and uncooked food were the only sources of contamination (Adou-Bryn et al. 2004) . This is consistent with results from a study in China that found that consumption of unwashed raw vegetables and fruits was associated with increased toxoplasmosis infection during pregnancy (Liu et al. 2009) . Similarly, other studies proved that farming contact with soil were strong predictors of infectivity with T. gondii infection (Cook et al. 2000) . The association between T. gondii infection and food as a potential source of infection is understudied in both Arab and African countries.
Proximity of cats (cleaning the cat litter box) and other animals
Contact with animals and in particular cats, or cleaning the cat litter boxwas found to be significantly associated with seropositivity for toxoplasmosis (Fakhfakh et al. 2013 ). In one study in Ethiopia it was found that living with domestic cats increase the rate infection by T. gondii by fivefold (OR 5.82, ; p \ 0.05) (Zemene et al. 2012) . Cats can infect other domestic animals leading to an increased chance of infectivity and creating another potential source of infection. The risk of contracting toxoplasma is higher when there is frequent exposure to feline feces or neglect of preventive measures like washing hands.
Living in rural areas
Residency in rural areas has a great influence on toxoplasma seropositivity for both Arab and African populations. In Egypt we found that living in a rural area was an independent predictor of toxoplasmosis seropositivity (OR 3.800, CI 1.100-10.813, p = 0.034) (Tammam et al. 2013 ). This finding is supported by studies from Saudi Arabia , Al-Mohammad et al. 2010 . African countries showed similar results indicating that rural living significantly increases seropositivity of T. gondii in pregnancy. Living in a rural area in Tanzania increased the risk for T. gondii by twofold (OR 2.2, 95 % CI 1.4-3.7, p = 0.001] (Mwambe et al. 2013 ). This was supported by studies in Mali (Ouologuem et al. 2013) and Sudan (Elnahas et al. 2003) . In Italy, higher associations were reported for living in rural areas (Thaller et al. 2011 ) Living in a rural area and high chance of developing T. gondii in pregnancy is also consistent with global literature by Pappas et al. (2009) . High prevalence in rural areas is an accepted finding in settings where there is poor sanitary facilities, contact with soil or animals, and drinking of unpasteurized or unboiled water and milk.
Maternal age
Some studies in Arab and African countries have shown that seroprevalence of Toxoplasma gondii is significantly associated with maternal age. Mwambe (Mwambe et al. 2013) reported that the risk of contracting infection with T. gondii increases by 7 % for each year increase in a woman's age (OR 1.07, 95 % CI 1.02-1.11, p 0.002). Similar results from Mali showed that the risk of infection increases with the increase in maternal age (Ouologuem et al. 2013 ). This is supported by studies from Arabs countries (Mohammad et al. 2012; Al-Qurashi et al. 2001) and a large study from Egypt which showed that the prevalence of Toxoplasma infection increases with age (Elsheikha et al. 2009 ). On the other hand, age is not found to be associated with toxoplasma infection among Chinese pregnant women (Sun et al. 2006 ).
Pregnancy outcomes
Congenital Toxoplasma gondii and premature birth
In Saudi Arabia IgM was reported in 23.1 % of premature infants (Martin 2001) . Long-term effects are only available from retrospective diagnosis from case reports following reporting to specialized units such as for vision (Luft and Remington 1992 ) and hearing problem (Montoya and Liesenfeld 2004) .
Congenital toxoplasma and risk of miscarriage
Data on the rate of miscarriage and congenital disease caused by Toxoplasma gondii is very limited and scarce. Recently, we demonstrated tachyzoites from conceptus material in 76 women with first trimester miscarriage screened for toxoplasma-specific IgG and IgM antibodies, giving a miscarriage rate of 1.3 % (Tammam et al. 2013) . A similar study was conducted in Dakar; authors demonstrated a 22.8 % seroconversion rate among women who miscarried compared to 10 % for pregnant women (p = 0.041) (Ndir et al. 2004 ). An Egyptian study of women with miscarriage demonstrated histological characteristics of toxoplasmic placentitis with detection of the organism in the placenta (el-Ridi et al. 1991) .
In the Gulf area two studies were performed to examine the relation between T. gondii and miscarriages. The T. gondii seroconversion rate among mothers with spontaneous and recurrent pregnancy loss was 24. 2 and 30.6 % (elSebai 1991, Singh 1998) respectively. This high seropositivity of T. gondii among pregnant women may be responsible for a significant number of miscarriages, although we cannot guarantee that this is due to T. gondii infection since additional confirmatory tests such as PCR, Avidity tests, IgA and IgE, and/or histopathologic studies were not performed. Because anti-toxoplasma IgM antibodies may persist as long as 18 months after acute infection (Wilson et al. 2003) , serologic tests alone often have ambiguous results.
Conclusions
Little is known about seroprevalence and the disease burden of congenital toxoplasmosis in both Arab and African countries although it is the most important form of the disease. The seroprevalence of T. gondii among pregnant women in Africa ranges from 25 to 92.5 % (Torgerson and Mastroiacovo 2013) , which is very high compared to the seroprevalence in Arab countries and much higher compared to the U.K. (6-17 %), France (50-60 %), North America (10-25 %), and Asia (10-60 %), but comparable to countries in South America (45-80 %) (Al-Nakib et al. 1983 , Jones et al. 2007 Dromigny et al. 1996; Pal et al. 1996; Baril et al. 1999; Nash et al. 2005; Dubey and Jones 2008; Rosso et al. 2008; Fernandes et al. 2009; Sroka et al. 2010; Xiao et al. 2010) . Worldwide, about 1,90,100 cases of congenital toxoplasmosis are reported every year. High burdens are reported from South American, Middle Eastern, and low-income countries (Torgerson and Mastroiacovo 2013) . Reports indicated a considerable variation in the incidence of Toxoplasma gondii in pregnancy between different geographical regions and within the same region. These variations can be ascribed to exposure to T. gondii from different types of food and environmental sources. Additionally, seropositivity may be influenced by type of test used, sample size, and cat density, and there may be other risk factors depending on geographical area. In addition, lower positivity rates may be explained by community awareness and health education.
Risk factors identified by multivariate analysis in Arab and African countries for T. gondii infection included consumption of raw meat and milk, unwashed raw vegetables or fruit, proximity of cats (cleaning the cat litter box) and other animals, living in rural areas, low educational level, and increased age.
From the few available studies, risk factors for Toxoplasma gondii among pregnant women in Arab countries does not differ from those in other developed countries. Some factors in the Arab countries that may influence the prevalence of T. gondii are socio-economics, lack of health education, and migration from highly endemic regions. Migration will increase the apparent seropositivity in recipient countries, and presents a challenge for recipient health care systems.
A new concept of congenital human toxoplasmosis Previously we believed there are only three major genotypes of Toxoplasma gondii that are responsible for congenital infections and remaining isolates are harmless (Ndir et al. 2004 ). This belief is changing because of greater genetic diversity as a result of sexual recombination of the parasite (Su et al. 2010; Khan et al. 2011) . A recent study indicated that congenital T. gondii can occur in immune mothers (seropositive) when an atypical genotype overcomes the acquired resistance from the original infecting genotype (Elbez-Rubinstein et al. 2009 ). Moreover, a study recently demonstrated a severe form of congenital T. gondii in children of non-immune mothers in the third trimester (Delhaes et al. 2010) , which is rarely caused by the typical genotypes. Such information may change our concepts about the mechanism of congenital toxoplasmosis. Testing of the parasite should include atypical species since they proved to be capable of producing severe infection, contrary to our previous beliefs. The current tests used for the diagnosis of T. gondii lack the ability to differentiate between typical and atypical genotypes, therefore adding new challenges to the concept of seroprevalence of the disease.
Strategies and preventive measures to control Toxoplasma gondii infection among pregnant women in Arabs and African countries
The status of Toxoplasma gondii infection in pregnant women in Arab and African countries is a major health issue for practitioners and those involved in health care strategies. Limited data are available in these countries to assist in estimating the portion of the disease burden of toxoplasmosis in pregnant women. Only regional studies are available which do not reflect the depth of the problem nationally. Another issue is that there is a great regional variation in the seroprevalence of T. gondii among pregnant women even in the same district. The phenomenon of mixed cultural populations may explain some of the observed differences seen in African countries. These differences are harder to explain in Arab countries, as communities are more similar. Preventive measures are available for pet owners, work hazards in gardening and farming (i.e. wearing gloves and washing hands frequently). Kitchen hygiene should be improved, including avoiding drinking contaminated liquids or consuming inadequately washed vegetables and fruits. Health education about preventive measures is the most accessible and cost-effective method (Elsheikha et al. 2009 ).
Health education of women of child-bearing age about food hygiene and prevention of exposure to cat feces is an integral part of prevention of toxoplasmosis. At first antenatal visit, health providers of women of childbearing age should deliver information's about meat-related and soilborne toxoplasmosis prevention with a focus on specific habits. Prenatal screening could identify women requiring prenatal therapy.
Additionally, researchers should give proper estimates of the burden of toxoplasmosis in both pregnant women and newborn infants. It is essential to improve screening and diagnostics tests for toxoplasma
We conclude that there is a high seropositivity rate of T. gondii infection among pregnant women in African and Arab countries and that the disease is on the rise. On the other hand, there are many gaps in the literatures on this topic in both regions. Most of studies indentified prevalence by using IgG only; IgM, which indicated recent infection, was only seen in few of these studies. More importantly, congenital toxoplasma and miscarriage, which are the most important consequences of the disease, are an under-estimated public health issue. Most of the previous work on toxoplasma in these countries used smaller sample sizes, which could definitively affect the apparent seropositivity rates. A larger sample size is needed for a better estimate of the true prevalence of the disease.
